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1 Introduction

Arthur B. Laffer stated that “there are always two tax rates that yield the same revenues”
during a business dinner in 1974 (Wanniski, 1978). An increase in a tax rate would
have two opposingftects. One is to increase tax revenue directly. The other is to
reduce tax revenue because a high tax rate decreases the incentive to supply labor and to
investment. As a result, tax revenue is possibly a hump-shaped function of tax rate; this
is the so called “L#&er curve.”

Tax revenue is a very important issue for the Japanese government. Japan has the
highest debt-to-GDP ratio in the world, and the best way to improve Japan'’s fiscal health
is discussed often. Increasing government expenditure associated with the aging pop-
ulation, and long economic stagnation are often cited as reasons to increase tax rates.
However, there is a possibility where an increase in tax rates may reduce tax revenue. In
this case, knowledge of the peak levels of th&&acurves for each tax is important for
policy makers.

This paper investigates the ftar curves for labor, capital and consumption taxes in
Japan based on a neoclassical growth madalTrabandt and Uhlig (2011). The model
is calibrated to the Japanese data, and the average marginal taxes estimated by Guniji
and Miyazaki (2011) are used for labor and capital taxes. ThEetaurves for labor
and capital taxes have single peaks, but that for the consumption tax is monotonically
increasing in the tax rate as shown by Trabandt and Uhlig (2011). We find that while
the labor tax rate is lower than that of the peak of th&éracurve, the capital tax rate
is very close to that of the peak of thefter curve or even larger than it under certain
specifications. Trabandt and Uhlig (2011) report that the capital tax rates in Sweden and
Denmark are higher than those at the peaks, and this paper finds that Japan is similar
to these countries. When the consumption tax rate is high, the tax rate at the peak of
the Later curves for labor and capital taxes is smaller, and this problem becomes more

serious. We also find that to maximize total tax revenue, the government should increase
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the labor tax rate but decrease the capital tax rate. Our result implies that the current plan
of the Japanese government to decrease the corporate tax rate might have pgisitive e
on tax revenue because capital taxes in our model include corporate taxes.

It is important to note that an increase in tax revenue isfi@rm@int problem from
an increase in welfare. In the model, taxes are distortionary, and if an increase in tax
revenue is not used for government expenditure or if government expenditure yields no
utility to households, increasing tax revenue would be welfare reducing. Even if gov-
ernment expenditure yields utility to households, the welfare implications are dependent
upon the situation. On the other hand, some economists believe that an increase in tax
revenue or the tax rate might have benefictééets in certain situations. Yanagawa and
Uhlig (1996) show that an increase in the capital tax rate can increase the rate of eco-
nomic growth theoretically. Braun and Uhlig (2006) find that an increase in the capital
tax rate has positive welfardtects in an economy with incomplete markets. Miyazawa
and Nutahara (2013) find that an increase in tax revenue has podfteatseon the
Japanese economy in the medium term using a structural VAR with sign restrictions.
However, welfare analysis is beyond the scope of this paper, and we mainly focus on
the dfect on tax revenue. Instead of welfare analysis of increasing tax revenue, in Sec-
tion 3.4, we will consider the optimal taxation problem of the model given the total tax
revenue level. It is found that total tax revenue is financed only by consumption tax is
optimal in our model.

This paper is closely related to Trabandt and Uhlig (2011, 2013), who investigate
the Lafer curves of the US and EU economies using a neoclassical growth model. This
paper follows their methodology. The marginal labor and capital tax rates are important
in our research, and we use the average marginal labor and capital tax rates estimated
by Gunji and Miyazaki (2011), who use the methodology of Joines (1981). This paper
is close in nature to the studies on fiscal policy reform in Japan. Hiraga (2011) consid-

ers the fects of a corporate tax rate reduction. Braun and Joines (2013) and Hansen



and Imrohoroglu (2013) investigate fiscal policy as it relates to the sustainability of the
Japanese economy.

The remainder of the paper is organized as follows. Section 2 introduces the model.
Section 3 explains the calibration of the model, and presents the main results. Section 4

makes some concluding remarks.

2 The model

The representative households hold capital steckand debty,_; as assets at the be-
ginning of the period. They supply labby and capital stock;_; to firms, and earn
wage raten, rental rate of capitad;, and the interest rate on deft. They also receive
government transfers and transfers from abroad. The transfers from abroat, can

be interpreted as netimports as discussed by Trabandt and Uhlig (2011, £t and

7K denote the consumption tax, labor tax, and capital tax rates, respectively. The budget

constraint of households is
(L+79)c+ % + by < (L — 7 )Wehe + (1 — 7{)(0 — 6)ker + Ok + RO + 5 + My, (1)

whereé denotes the depreciation rate of capital ant investment. The capital stock

evolves according to the following equation
ki = (1 - 0)ki-r + X (2)

Finally, the objective function of households is

(o)

> B u(c, h) + v(@)] 3)

t=

As a baseline, we employ the Constant Frisch Elasticity (CFE) utility function,

Ao [1-k@-mnt ] -1 g #1

1+1/¢ : ’ (4)
log(c) — kh; ifn=1

u(c, hy) = {



wheren > 0 denotes the inverse of the intertemporal elasticity of substitution (KS),
weighting of the disutility of labor supply, angl Frisch elasticity of labor supply. The

standard Cobb—Douglas utility function, that is

u(c, hy) = olog(cy) + (1 - o) log(1 - hy)

is also used as a sensitivity check.

The first-order conditions of the households’ problem are

G H(L+70) A = (e hy), (5)
e (L= e = —ua (e, hy), (6)
ke 140 = BE e [(1 - 6) + (1= 751)(a — 6) + 6}, (7)
b :A = BE[A0aR, . 8)

The firms are perfectly competitive. Their production function is

ye = £k 9)

whereé denotes the technology growth rate, andenotes the capital share in produc-

tion. The profit maximization problem implies

\M:(l—@%, (10)
Q:H%i. (11)

The government budget constraint is
G+ S+ Rby <b + T, (12)
where total tax revenug is defined by

T'[ = T?O[ + T:NWtht + TtK(dt — 6)k(,1. (13)



The analyses focus on the balanced growth path as in Trabandt and Uhlig (2011). Let the
growth rate on the balanced growth pathybe £¥@-9, It is assumed that government
debtb; and government spendirgg are on the balanced growth path;; = wtl:_) and

g = ¥'g, and transfers are determined by
s = y'b(y - R) + T -y'g. (14)

Alternatively, two cases will be considered: one is the case whgyg)(are on the
balanced growth pathy_; = y'b, s = ¢'S andg, = y'b(y - R?) + T, — ¢'S, and
the other is whereg, s) are on the balanced growth path, = y'g, s = y's, and
g+S+Rb g <b +T.

The resource constraint of this economy is
Yi=C + X + G — M. (15)

A competitive equilibrium is defined as the sequence of prices and quantities such
that (i) households maximize their utility subject to their budget constraint and evolution
of the capital stock, (ii) firms maximize their profits, and (iii) all markets clear, given the

fiscal policy. The equilibrium system is described by

(1 +79) A = ug(c, hy), (16)
(1= V)W = —up(ci, hy), (17)
A= BE{da [(1 - 6) + (1= 7854) (s - 6) + 6]} (18)
A = BE [1aR, ] (19)
ki = (1 - 6)ki-1 + X, (20)
Ve = € [kea]” (21)
W= (1- 9)%, (22)
o = 9%. (23)



Yi=C+ X + G — M, (24)
T = 1oc+ 7 Wehe + 71 (d — Okt (25)

where the marginal utilities are defined by

un(Co, 1) = (6) 771 = k(1 - )R], (26)

1 . -1
Up(Ci, hy) = —7 (1 + g_o) {(q)l‘” [1- &1 - phe]” Khtl/w} (27)
in the case of the CFE utility function, and

(e =0, 29)
(G ) =~ - ) @9)

in the case of the Cobb—Douglas utility functibn.

3 Results

3.1 Calibrations

The calibrated values are summarized in Table 1. To calibrate the values on the balanced
growth path (steady state), we use Japanese annual data during the period 1980—-2009.
The data of nominal GDP, government consumption, GDP deflator, and net imports are
taken from the 1993 SNA (System of National Accounts). GDP, government consump-
tion, and net imports are deflated by the GDP deflator. The real interest rate is calculated
as the diference between the call rate from the Bank of Japan, and the inflation rate
calculated from the GDP deflatbThe data of general government gross debt for Japan

is taken from World Economic Outlook. Labor supply is calculated following Hayashi

1The details of the culculations of the steady-state values are explained in Appendix A.
2Because call rate data are not available prior to 1985, the real interest rate is calculated during 1985—

2007.



and Prescott (2002) and Kobayashi and Inaba (2006). The data of the number of em-
ployed persong is taken from the 93 SNA. The data of total hours worked in a month
(establishments with 30 or more employekk)s taken from the Ministry of Welfare

and Labor, and the data of working age populaftibis taken from the Federal Reserve
Economic Database (FRED). Labor supply is definet asH x 12/(N x 5760).

The steady-state growth rate (or growth rate on the balanced growthypatkly -9
is calculated as the average real GDP growth rate, 1.021. Other steady-state values are
also set to the average of the sample period. The steady-state government spending to
output ratio isg/y = 0.154, the steady-state real interest rat®is= 1.0206, and the
steady-state debt to output ratiohigy = 1.1073 The steady-state net import to output
ratio ism/y = —0.016, and the steady-state labor supplyis 0.212. The weighting
parameter of preferencesfor the CFE utility function andr for the Cobb—Douglas
utility function, are calculated so that the steady-state labor supplyi6.212.

For the labor and capital tax rates, we use the average marginal labor and capital tax
rates of Japan estimated by Gunji and Miyazaki (2011) based on the methodology of
Joines (1981). As the labor tax rate, the average marginal labor tax rate including the
social security premia is employed. The means during 1980-2007 are set equal to the
steady state valued’ = 0.308 andr® = 0.532. For the consumption tax rate, the rate
for 2013 is set equal to the steady state vatties 0.05.

The depreciation rate of capit@bnd the capital share in producti@mre set to 0.06
and 0.37 following Sugo and Ueda (2011) and Fujiwara et al. (2005). The inverse of
the IESn = 2 and Frisch elasticity = 1 are used as baseline values following Trabandt
and Uhlig (2011); however, we also consider the casgofl and¢ = 3, and the case

of the Cobb—-Douglas utility function.

SAlternatively, we used/y = 2.3, which was the debt-to-GDP ratio in 2011, and aigg = 5.

However, there are no significanti@rences in the results.
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3.2 Laffer curves

The Ldter curve is a graph showing how steady-state total tax revénciganges in
response to changes in one tax rate (with the other tax rates fixed). Trabandt and Uhlig
(2011) show that the Lfeer curves for labor and capital taxes have single peaks, but the
Laffer curve for consumption tax is monotonically increasing under a standard specifi-
cation. At first, we assume that changing the tax rate doedisat #he steady-state debt

b, while government spendingis fixed and transfesis determined endogenously.

Figure 1 shows the LfEer curve for the labor tax. The horizontal axis is the labor tax
rate, and the vertical axis is tax revenue. Three types of preference are considered: the
case of CFE utility withy = 2 andy = 1, the case of CFE utility witly = 1 andy = 3,
and the case of Cobb—Douglas utility. The shading indicates the bands of the marginal
tax rate from Gunji and Miyazaki (2011) during 1980-2007, and the vertical dotted line
is the mear'V. The total tax revenue when tax rates are at their steady-state values in

Table 1 is normalized to one hundred.
[Insert Figure 1]

It is found that the peak labor tax rate is higher than the actual marginal labor tax rate by
about 20% and more. This means that there is space for the government to increase the
labor tax rate.

Figure 2 shows the Llféer curve for capital tax. The horizontal axis is the capital tax
rate, and the vertical axis is tax revenue. Three types of preferences are also considered
as in Figure 1. The shading indicates the bands of the marginal tax rate, and the vertical

dotted line is the meart.
[Insert Figure 2]

It is found that the peak capital tax rate of thefliea curve is in the band of actual

marginal tax and is lower than the steady-state tax level (vertical dotted line in the graph).



in the case of the CFE utility function with = 1 andy = 3 and the case of the Cobb—
Douglas utility function. In the case of the CFE utility function with= 2 andy = 1, the
peak tax revenue is larger than the upper bound of the band of actual marginal tax, but
the diference is quite small. This implies that the current capital tax rate might be too
high from the viewpoint of the Lféer curve. At least it is clear that there is no space to
increase it, because an increase in the capital tax rate reduces total tax revenue. Trabandt
and Uhlig (2011) find that capital taxes in Sweden and Denmark are higher than at the
peaks of their L&er curves. We find that the capital tax rate in Japan is also too high.
Figure 3 shows the historical movement of the marginal capital tax rates, estimated

by Guniji and Miyazaki (2011), and the peak tax rate of thferecurve.
[Insert Figure 3]

It is found that the capital tax rate was too high during 1985-1990 and after 1995.
Figure 4 shows the Llféer curve for the consumption tax. The horizontal axis is the
consumption tax rate, and the vertical axis is tax revenue. Three types of preferences

are used in Figure 1. The vertical dotted line is the meams shown by Trabandt and
Uhlig (2011), there is no peak in the ffar curve, and tax revenue increases monotoni-

cally.
[Insert Figure 4]

For Figures 1, 2, and 4, it is assumed that changing the tax rate doefeubttiae
steady-state dell, while government spendingis fixed and transfes is determined
endogenously. The lf&er curves associated with changes in this fiscal policy assumption
are shown in Figure 5. The upper panels are the cases where the steady-state values of
b and s are constant (changing the tax raféeatsg), and the lower ones are the cases
where the steady-state valuesgoéind s are constant (changing the tax ratéeatsb).

The shading indicates the marginal tax rate bands, and the vertical dotted lines are the

steady-state tax rate values.
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[Insert Figure 5]

The lower panels, the case of fixgands, are similar to the baseline result as in Figures
1, 2, and 4. There is space to increase the labor tax, but not the capital tax because actual
capital tax rate might be larger than the peak tax rate of thEet.aurve. In the upper
panels, the case of fixdhands, the tax rates at the peaks of thefiles curves are larger
than those under other assumptions. In this case, there is space to increase the capital
tax. This would be because changing the steady-state value of government consumption
g has a positive féect on total tax revenu€& through the &ect on outputy. Then, if
revenue from the increase in the tax rate is used to fund government expenditure, there is
space to increase the capital tax rate. However, if the revenue is used for other purposes,
such as transfers to households as social security payments or decreases in public debt
levels, then there is no space to increase the capital tax rate.

Next, consider theféect of the steady-state consumption tax rate on thieLaurves
for labor and capital taxes. As a baselin&, is set to 5%, the actual rate in 2013.
However, it is planned to increase the consumption tax rate to 8% from April 2014,
and possibly to 10% in the near future. Recent studies by Braun and Joines (2013) and
Hansen and Imrohoroglu (2013) claim that the consumption tax rate should be raised to
30% for Japan’s fiscal sustainability. In this case, thffdrecurves for labor and capital
taxes under a high consumption tax rate would be interesting. Figure 6 shows the results;

the upper panels are fof = 0.1 and the lower panels are fof = 0.3.
[Insert Figure 6]

It is found that the peak tax rates of theftea curves for labor and capital taxes are
decreasing with respect to the steady-state consumption tax rate.=If0.3, even in

the case of the CFE utility function with= 2 and¢ = 1, the peak level is less thafi.

The Lafer curve for the labor tax implies that there is little space to increase the labor
tax rate if¢ = 0.3. Therefore, the problem of a capital tax rate that is too high becomes

more serious when the steady-state consumption tax rate increases.
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3.3 Laffer hills

The Ldfer curve is obtained by changing only one tax rate. Here, we calculate “the
Laffer hill” (or iso-revenue curves) by changing both labor and capital taxes. Because
the tax revenue is monotonically increasing with respect to the consumption tax rate, we
set the consumption tax rate equal to 5%. For the calculation of therllalls, we use

the CFE utility function withy = 2 andy = 1.

Figure 7 shows the Lltger hill in the case wherk andg are fixed.
[Insert Figure 7]

The horizontal axis is the labor tax rate, and the vertical axis is the capital tax rate. The
vertical dotted lines are baseline tax rates. The tax revenue in the case of the steady-state
tax rate in Table 1 is normalized to one hundred. The asterisk indicates the peak of the
hill. It is found that at the peak, the capital tax rate is zero and the labor tax rate is
over 60%. Then, a decrease in the capital tax rate from the current actual level increases
tax revenue. Figure 8 presents thefka hills under diferent fiscal policies; the case
whereb andsare constant (upper graph), and the case whareds are constant (lower
graph). In the case of fixeld ands, the capital tax rate that maximizes tax revenue is
positive, and the qualitative implications are robust; a decrease in the capital tax rate and
an increase in the labor tax rate increase total tax revenue. The reason why the capital
tax rate that maximizes tax revenue under fik@ohdsis larger than those of other cases

is that changing has a positive féect on the peak of the Ifer curve as in Figure 7.

[Insert Figure 8]

3.4 Optimal taxation

So far, we focus on theffect of each tax on total tax revenue. Here, we consider the

optimal taxation from the viewpoint of welfare for better understanding of our model.
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The optimal taxation problem here is choosing steady-state taxifate'{, 7¥). to
maximize the steady-state households utilify; h) +v(g), given the level of government
spendingg, debtb, lump-sum transfer to householdsand total tax revenu&. We
setg, b, ands to be the same levels where the baseline case of the CFE utility with
n = 2,¢ = 1. In computations, we try various sets@f € (0,1) andr® € (0,1) to
compute associaterf and the utility levels from the equilibrium system. The details
are explained in Appendix B.

The optimal taxation of the current model§ (7%, 7%)=(0.497,0,0), in other words,
it is optimal that all tax revenue is financed by consumption tax. Even if we employ
the CFE utility withn = 1 andy = 3, or employ the Cobb-Douglas utility, the optimal
taxation implication does not change, and then financing all tax revenue by consumption
tax is optimal. Because our model is a standard neoclassical growth model, optimal tax
rate on capitatX is zero as shown by Judd (1985) and Chamley (1986). Consumption
and labor taxes show up in the equilibrium condition as the labor we@be V)/(1 +
7°) in the intratemporal condition

(c,h) 1-7W
- = W,
u(c,hy 1-+€

(30)

and the definition total tax revene= 7°c + Wwh + 7¢(d - §)k. Both consumption

and labor tax enlarges the labor wedge, and distorts the economy. Then, the optimal
choice problem of consumption and labor taxes is reduced to minimize the labor wedge
= (1 - 7™)/(1 + °) such that the total tax revenue level is a given constant. Figure 9
shows the Iso-revenue curve af (V) with 7¥ = 0, computed from the equilibrium
system, and the minimized labor wedge curve. It is found that optimal solution is a
corner one because the slope of the iso-revenue curve is smaller than that of the labor
wedge, approximately one. This would implies that labor income is more elastic than

consumption, and financing by consumption tax is better than by labor tax.
[Insert Figure 9]
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It should be noted that this normative result might not be applicable to the real world.
It is well known that the optimal tax rate on capital can be positive under some condi-
tions. While both labor and capital tax rates are positive in the real world, and much
larger than consumption tax rate in many countries, our model cannot explain these
facts. However, for the better understanding of our model, the optimal taxation of the

current model would be beneficial.

4 Concluding remarks

This paper investigated the tftar curves for labor, capital and consumption taxes in
Japan based on a dynamic general equilibrium model. The model was calibrated to the
Japanese data, and marginal tax rates estimated by Gunji and Miyazaki (2011) were used
for the labor and capital taxes. Thefter curves for labor and capital taxes have single
peaks; however, consumption tax revenue is increasing monotonically with respect to
the tax rate.

We found that while the labor tax rate is smaller than the peak tax rate of tfer La
curve, the capital tax rate is very close to the peak tax rate or might be greater than it for
certain specifications. Trabandt and Uhlig (2011) report that capital taxes in Sweden and
Denmark are higher than those at the peaks of thdfieLaurves. This paper found that
Japan is similar to these countries. The labor and capital tax rates at the peaks of their
Laffer curves are decreasing with respect to the consumption tax rate, suggesting that
the problem of a high capital tax rate is more serious when the consumption tax rate is
high. The Ldfer hill analysis implies that to maximize total tax revenue, the government
should increase the labor tax rate but decrease the capital tax rate from current levels.
The optimal taxation analysis, given a level of government spending, debt and lump-
sum transfer, implies that financing all tax revenue by consumption tax is optimal in our

model.
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An increase in the consumption tax rate and a decrease in the corporate tax rate are

planned by the Japanese government. According to our result, this policy would have a

positive dfect on total tax revenue.
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Appendix A: Steady state of the model

Here, we demonstrate how to solve for the steady state in the paper. Detrend the equi-

librium system by = ¢¥-9 and leta,/&' = & (except fork_1 = k_1/&' and):

1+ 1) = uy(E. hy),

AL = ")k = —Up(&, 1),

A= BUE (A [(1 - 6) + (1= 751) (s — 6) + 6},
A = By E [/Nlt+1R?+1] ,

vk = (1 - o)kea + %,

Vi = [Rt—l]g h™,

Vi =C+ X + G — M,

Ty = 78 + 1)"Wh, + 78 (d; — 6)ki_s,

and

() ba=b §=0 &=by-R)+Ti-a
(i) Bi=b §=§ G=by-R)+T-§
(i) =0 &=8 yb=g+5+Rb-T.
On the balanced growth path, the system becomes

(1 + 7)1 = uy (& h),

AL = ™YW = —up(8, h),

1=y |(1-6)+(A-7%)d-0)+96]|,
1=py "R,
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vk =1 -6k+ %,
7= [Kn
W= -0

+75(d - 6)k,
and

() b=b, §=7 3=by-R)+T-g
(i) b=b, §=§5 g=bly-R)+T-5§
~ 1 _ _

b:¢/——Rb[g+s_ﬂ.

First, the steady-state valuesR®fandd are obtained by

(i) &=0 §&=s

oY
5

d= [Rb—1]+

1-+K

Guess the value & Associated other steady-state values are

—-(1-9)]k,

L <]
Il
o

= [
d
6

¥ 1/(1-6)
[R—]

y
1-6)=.
)h
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(i) if given b andg;

E=§—%X—§+m,
&+ 7"Wh+ 7%(d - 6)k,

§=by-R)+T-g,

u1(69h)

1+7C°

A=

If A(1 - ™) = —u,(&, h) holds, thus the initial guess &fis correct. Otherwise, revise

the guess ok.

(i) if given bands;

. 1 &S W K i
C:1+Tc[y—x—b(lp—Rb)—r Wh-7(d - o)k + §],
g=y-C-X+mh,

T = C8 + T™"Wh+ 7%(d - 6)k,

"’_ul(éah)

A= 1+7C°

If (1 — ™)W = —u(&, h) holds, thus the initial guess &fis correct. Otherwise, revise

the guess ok.

(iii) if given 3andg,

If (1 — ™)W = —u(&, h) holds, thus the initial guess &fis correct. Otherwise, revise

the guess ok.
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Appendix B: Optimal taxation

We solve the optimal taxation problem as follows. First, we calculate the steady state of
0, S, b, andT of the baseline case following Appendix A.
Then, we choose a pair of¥ € (0,1) and7X € (0,1). The associated steady-state

values ofR® andd are obtained by

o
ﬁl,
d= T [Rb—1]+6.

Guess the value & Associated other steady-state values are

%=[y-(@1-0)k
. d-
y_gk’
o 11/(1-6)
h:[l] ,
k@
~ y
W = 1-9:,
( )h

o = 3 [T @ -0k

§=by-R)+T -4,

~ uy(C, h)
A= 1+7C°
U = u(gh).

If (1 — ™)W = —u(&, h) holds, thus the initial guess &fis correct. Otherwise, revise
the guess ok. The optimal taxation is the pair af¥ and ¥ and associated® that

maximizesJ.
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parameters

symbols values sources

Depreciation rate of capital
Capital share in production
Steady-state growth rate

Steady-state real interest rate

0
0

Y
R°

Steady-state government spending to output ratiog/y

Steady-state debt to output ratio

Steady-state net import to output ratio

Steady-state labor supply
Steady-state labor tax rate
Steady-state capital tax rate

Steady-state consumption tax rate

b/y
m/y

0.06
0.37
1.021
1.0206
0.154
1.107
-0.016
0.212
0.308
0.532
0.05

Sugo and Ueda (2011)
Sugo and Ueda (2011)
Data

Data

Data

Data

Data

Data

Gunji and Miyazaki (2011)
Gunji and Miyazaki (2011)
Actual rate in 2013

Table 1: Parameter values
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Figure 7: Ldfer Hill: The dotted lines are baseline tax values. The asterisk indicates the
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